. Optimization of the Intermolecular Allylic C−H Amination. 1M TBME, 2 equiv. TsNHCO 2 Me. e Number in parenthesis is yield at 24h. f 2 equiv. TsNHCO 2 Me, 1M THF. g Number in parentheses is yield with 1 mol% co-catalyst on a 0.8 mmol scale for accurate co-catalyst weight. h 1 mmol scale used for accurate cocatalyst weights. i 5 mol% Pd(OAc) 2 , 5 mol% 4,5-diazafluoren-9-one (DAF), with identical conditions to entries 4-9.
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TsNHCO 2 Me were used (0.6 mmol, 137.6 mg) and 1M TBME was used as the solvent. For two runs, trace product was observed. Entry 16: The reaction was set up following the procedure described in reference 10. 1 equiv. 2,5-DMBQ (0.4 mmol, 54.5 mg) was used in place of 2 equiv. BQ. Run 1 (101.2 mg, 0.288 mmol, 72% yield); run 2 (101.2 mg, 0.288 mmol, 72% yield). Average: 72% yield. Spectroscopic data for the amination product matched that which was reported previously. Spectroscopic data for the amination product matched that which was reported previously. Spectroscopic data for the amination product matched that which was reported previously. E)-(3-(4-(oxiran-2-ylmethoxy)phenyl)allyl)(tosyl)carbamate [(+)-20] : A 1/2 dram vial was charged with (S)-2-((4-allylphenoxy)methyl)oxirane 10 (1.0 equiv., 0.3 mmol), followed by 0.45 mL TBME. To this vial was then added 1,2-Bis(phenylsulfinyl)ethane palladium(II) acetate (0.015 mmol, 0.05 equiv), 2,5-dimethylbenzoquinone (0.3 mmol, 1.0 equiv), methyl tosylcarbamate (0.6 mmol, 2.0 equiv), and a stir bar. Finally, N,N-Diisopropylethylamine (0.018 mmol, 0.06 equiv) was added via micro-syringe, and the mixture instantly became cloudy. The vial was fitted with a Teflon cap, and heated to 45°C (with magnetic stirring) in an oil bath for 24 h. The vial was removed, allowed to cool to room temperature, and thoroughly rinsed into a 125 mL separatory funnel with ether (ca. 30 mL). The organic phase was washed with 5% aq. K 2 CO 3 (6 x 10 mL), and the aqueous rinses back-extracted with ether (2 x 30 mL). The combined organic extracts were dried over Na 2 SO 4 , filtered through Celite, and evaporated to dryness (ca. 30-40°C, 30 torr). Column chromatography (30-50% ethyl acetate/hexanes) afforded the product clear oil that crystallized after drying under high vacuum. Spectroscopic data for the amination product matched that which was reported previously.
Scope of the Linear Allylic Amination Reaction methyl(E)-(5-((tert-butyldiphenylsilyl)oxy)pent-2-en-1-yl)(tosyl)carbamate (6): tert-butyl(pent-4-en-1-
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Allylic C-H Amination Using Air
General procedure: To a 10 mL round bottom flask containing a PTFE-covered stir bar was added tetra nbutyl ammonium acetate (7.2 mg, 0.024 mmol, 6 mol%) in a glove box. The following solids were all weighed outside of the glovebox and sequentially added to the reaction flask containing TBAA: carbamate nucleophile (137.6 mg, 0.6 mmol, 1.5 equiv), DHBQ (4.4 mg, 0.04 mmol, 10 mol%), Co(II)(salophen) (3.7 mg, 0.01 mmol, 2.5 mol%) and Pd II /bis-sulfoxide catalyst 1 (5 mg, 0.01 mmol, 2.5 mol% or 10 mg, 0.02 mmol, 5 mol%). (NOTE: Because of the hygroscopic nature of TBAA, the reaction flask was not opened until all the other solids were ready to be transferred into the flask; in some cases, we have seen lower reactivity when the TBAA is exposed to air for longer periods of time). The terminal olefin (0.4 mmol, 1 equiv, preweighed in a ½ dram vial) was diluted with 0.1 mL TBME and then added to the reaction flask using TBME for the transfer (0.3 mL -total of 0.4 mL solvent). The flask was attached to a cold-water condenser using a PTFE sleeve as a seal, with no additional support of the flask required and the joint was wrapped in teflon tape. The top of the condenser was sealed with a rubber septum, and a balloon of air was attached with a needle. While the reaction condenser may be left opened to air, we have noted rapid and continual loss of the very volatile TBME solvent under this scenario and recommend the use of an air balloon. The reaction was allowed to stir at 400rpm in a 45°C oil bath for 24-72 hours or until completed by TLC. The reaction mixture was diluted with ethyl acetate and transferred to a 125 mL separatory funnel, washed with 5% aq. K 2 CO 3 (6 x 10 mL), and the aqueous rinses back-extracted with ethyl acetate (2 x 30 mL). The combined organic extracts were dried over Na 2 SO 4 , filtered through Celite, and evaporated to dryness (ca. 30-40°C, 30 torr). Generally this workup leads to higher purity of isolated products by removing remaining nucleophile and water-soluble impurities. Alternatively, the reaction may be diluted with dichloromethane and flushed through a 3-5 cm silica gel plug with an 80% ethyl acetate/20% hexanes mixture. If no work-up is necessary, the reaction mixture may also be directly loaded onto a silica gel column using dichloromethane or toluene. Purification of the products is done using flash column 
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chromatography -in general, with a gradient of 10-30% EtOAc/hexanes. We have also found that 10-30% acetone/hexanes or 10-50% ether/pentane gradients are also effective solvent systems for purification. (5-(benzyloxy)pent-2-en-1-yl) 9S,13S,14S,16S,17S)-3-((tert-butyldimethylsilyl)oxy)-16-((E)-3-((N-(methoxycarbonyl)-4-methylphenyl)sulfonamido)prop-1-en-1-yl)-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-yl acetate [(-)-24] . (8R,9S,13S,14S,16R,17S )-16-allyl-3-((tert-butyldimethylsilyl)oxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-yl acetate 10 (1.0 equiv., 0.4 mmol) was reacted according to the general procedure using Co(II)salophen 2 as the reoxidation co-catalyst. Purification by flash column chromatography (gradient 10%-25% EtOAc/hexanes) provided the linear allylic amine as a white solid.
methyl(E)-
Results: Run 1 (172.6 mg, 0.248 mmol, 62% yield); run 2 (180.9 mg, 0.260 mmol 65% yield). Average: 64% yield. Spectroscopic data for the amination product matched that which was reported previously. , and a stir bar. TBME (0.66M) was then added, followed by N,N-Diisopropylethylamine (0.012 mmol, 0.06 equiv) and the reaction mixture instantly became cloudy. The vial was fitted with a Teflon cap, and heated to 45°C (with magnetic stirring) in an oil bath for 72 h. The vial was removed, allowed to cool to room temperature, and vigorously rinsed into a 125 mL separatory funnel with ether (ca. 30 mL). The organic phase was washed with 5% aq. K 2 CO 3 (6 x 10 mL), and the aqueous rinses back-extracted with ether (2 x 30 mL). The combined organic extracts were dried over MgSO 4 , filtered through Celite, and evaporated to dryness (ca. 30-40°C, 30 torr). Column chromatography (30-50% ethyl acetate/hexanes) afforded the product as a white solid. Spectroscopic data for the amination product matched that which was reported previously. Table S2 . Effect of BQ Loading on Overall Reaction Yields Entry 1: The reaction was set up according to general procedure A. 10 mol% BQ was used in place of 10 mol% DHBQ. Run 1 (113.9 mg, 0.324 mmol, 81% yield); run 2 (112.5 mg, 0.320 mmol, 80% yield). Average: 81% yield. Entry 2: The reaction was set up according to general procedure A. 50 mol% BQ was used in place of 10 mol% DHBQ. Run 1 (81.5 mg, 0.232 mmol, 58% yield); run 2 (74.5 mg, 0.212 mmol, 53% yield). Average: 56% yield. Entry 3: The reaction was set up according to general procedure A. 100 mol% BQ was used in place of 10 mol% DHBQ. Run 1 (70.3 mg, 0.200 mmol, 50% yield); run 2 (70.3 mg, 0.200 mmol, 50% yield). Average: 50% yield. Entry 4: The reaction was set up according to general procedure B. 10 mol% BQ was used in place of 10 mol% DHBQ. Run 1 (106.8 mg, 0.304 mmol, 76% yield); run 2 (88.6 mg, 0.252 mmol, 63% yield). Average: 70% yield. Entry 5: The reaction was set according to general procedure B. 50 mol% BQ was used in place of 10 mol% DHBQ. Run 1 (57.6 mg, 0.164 mmol, 41% yield); run 2 (53.4 mg, 0.152 mmol, 38% yield). Average: 40% yield. Entry 6: The reaction was set up according to general procedure B. 100 mol% BQ was used in place of 10 mol% DHBQ. Run 1 (35.1 mg, 0.100 mmol, 25% yield); run 2 (33.7 mg, 0.096 mmol, 24% yield). Average: 25% yield. 1 uL, 40 mol%) , both pre-mixed in a 1-dram vial, were then added using the remaining 0.5 mL of TBME (1.5 mL total volume, 0.66 M) to ensure quantitative transfer. Benzoquinone (10 or 20 mol%) was then added, followed by the Pd(II)-catalyst. The reaction was immediately attached to a coldwater condenser (purged for ca. 30 seconds with O 2 ) fitted with an O 2 balloon and stirred at 45 o C. Aliquots (ca. 30 µL) were removed from the reaction using a 1 mL syringe fitted with 3-inch 22-gauge needle at time intervals shown below. Aliquots were removed through the neck of the flask without disrupting the atmosphere of the reaction (two remaining necks sealed with a rubber septum), diluted with 0.6 mL of THF and filtered through a small plug of silica gel. Samples were analyzed by normal phase HPLC (Zorbax CN 4.6 x 250 nm column, 10% isopropyl alcohol/90% hexanes, 1 mL/min, λ=280 nm). Rate data is reported as the average of three experiments, with error bars representing standard deviation. Note: for the measurement of the rate of reaction for 10% BQ, an HPLC calibration curve calibrated for a 0.5-20% yield was used. For the remaining kinetic measurements, a calibration curve calibrated for a 2-100% yield was used.
General Procedure for Obtaining Rate Data for 30, 50, 75, and 100 mol% BQ: To an oven-dried 15 mL, 3-necked round bottom flask containing a PTFE-covered stir bar was added tetra n-butyl ammonium acetate (18.1 mg, 0.06 mmol, 6 mol%) in a glove box. To the reaction flask containing TBAA was then added carbamate nucleophile (343.8 mg, 1.5 mmol, 1.5 equiv.), Co(II) (salophen) (9.7 mg, 0.025 mmol, 2.5 mol%), and benzoquinone (varying equivalents, see below). The terminal olefin substrate (1 mmol, 148.2 mg, 1 equiv.) and nitrobenzene (41.1 uL, 40 mol%), both pre-mixed in a 1-dram vial, were then added using 1.5 mL of TBME (0.66 M) to ensure quantitative transfer. A reaction concentration of 0.66 M was used to maximize reaction homogeneity. The Pd(II) catalyst was then added, and the reaction was immediately attached to a cold-water condenser (purged for ca. 30 seconds with O 2 ) fitted with an O 2 balloon and stirred at 45 o C. Aliquots (ca. 30 µL) were removed from the reaction using a 1 mL syringe fitted with a 3-inch 22-gauge needle according to the times shown below. Aliquots were removed through the neck of the flask without disrupting the atmosphere of the reaction (two remaining necks sealed with a rubber septum), diluted with 0.6 mL THF and filtered through a small plug of silica gel. Samples were analyzed by normal phase HPLC (Zorbax CN 4.6 x 250 nm column, 10% isopropyl alcohol/90% hexanes, 1 mL/min, λ=280 nm). Rate data is reported as the average of three experiments, with error bars representing standard deviation. Rate: 100 mol% BQ
